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Technological efficacy (TB) is the knowledge, ability, and desire to create, select, apply, monitor, 
evaluate, communicate, and otherwise bring to fruition desired technology in a given context 
This document is a qualitative syndiesis of research related to TE. Didactic, descriptive, and 
causal-comparative research efforts arc summarized. Studies that have developed TE instruments 
and investigated dieir psychometric characteristics arc also reviewed. The structure and 
correlates of TE arc discussed. Variables correlated to TE include (a) affective factors; (b) 
gender, (c) age; (d) teaching method and curricula; and (e) other exposure to technology such as 
media consumption, work experience, hobbies, family environment, and college major. 
Recommendations concerning future research are included. 
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The Structure and Correlates of Technological Efficacy 

The term technological literacy (TL) has steadily risen in the lexicon <rf buzz words. 

Many profess that TL is vitally in^iortant to us and diat we are all in need of more of it Several 
states mandate that TT be part of their school curricula. Several professional organizations aim to 
promote TL. One organization, the International Technology Education Association (TTEA), 
claims TL as its major focus and accordingly has as its major goal the enhancement of students' 

TL. Business leaders and politicians are also interested in TL. In 1987, then Governor Clinton 
said about the future: 

Even those citizens who have no interest in being technical woricers 
will have to understand the complex technical and scientific issues 
to make public policy and judge its effects. (Qinton, 1987, p. 16) 

A technologically literate populace (a) can make wise decisions about technology; (b) 
adapt to work, home, and societal technological changes; aral (c) cooperatively participate to 
creatively solve technological problems on the job and as citizenry. 

A body of knowledge exists that defines TL in terms of learner outcomes (Hayden, 1989), 
however, there are many unanswered questions: (a) are all people, the typical person, or various 
subgroups prepared to understand, apply and/or make decisions about technology; (b) what is the 
TL level of United States citizens and various subgroups; (c) can and should this level be 
increased? A nationwide description and norming of TL levels are necessary for developing and 
seeing to fruition national effmts to enhance literacy concerning technology and its concomitant 
benefits. However, no nationwide, normed TL instrument exists. 

Though used frequently in scholarly writings, the term technological literacy (TL) has not 
been adequately researched to provide a comprehensive understanding of its meaning and 
dimensions. The following illustrates this point Technological literacy has been an £/2/C 
descriptor since 1982. A recent ERIC search by this writer revealed die following. More than 680 
ERIC citations use technological literacy as a descriptor. Additional documents contain die term 
within the abstract When truncated, synonymous, and related terms are included in the search. 
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c.g., techni*, literal ^ operacy^ attitude, and efficacy, moie than 35,000 documents are sel e cted 
Other databases, e Dissertations Abstracts International, contain additional documents that 
mention TL. 

Examination of documents using TL as a descriptor leads to the finding that the majority 
are didactic in nature; few are research*based Of the research-based documents, approximately 
10 are quantitative in nature; only a few of those are causal-comparative. This document is a 
synthesis ti research related to TL. The specific intent is to explicate the current collective 
understanding of TL. There have not been enough TL studies to warrant a meta-analysis based 
on effect size. Therefore, this document is a qualitative synthesis of extant research. 

Examination of writings reveals that when most writers use the phrase technological 
literacy they are referring to a much broader meaning than traditional concepts of literacy, c.g., 
reading, writing, communicating, and understanding. Technological literacy, as it is most often 
described, includes the constructs of emotion, proactiveness, empowerment, skill in using and 
creating, aixl others. Due to the iiKlusion of affective and psychomotor constructs in the defining 
of TL, this writer proposes that the totality of our interaction with technology would best be 
labeled technological ^cacy CTE). Technological efficacy could be conceptualized as a union of 
the interdependent domains of knowledge/Uteracy, affective/affectacy, and psychomotor/operacy. 
In scholarly articles, concepts that could be labeled technological cffiectacy (TA) and 
technological operacy (TO) are often discussed as subsets or synonyms of TL. However, they 
are equivalent subdomains covered by the umbrella domain of TE. For the remainder of diis 
document, unless a subdomain is being specified, the term TE will be used as the general term to 
encompass TL, TA, and TO. 

Terminology 

It is prudent at this point to define major terms as they are operationalized in the literature 
and this manuscript 

System — a set of things that have relations to each other and the whole and that 
collectively behaves differently than when separated. Interconnectedness is a key concept to 
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systems. To act systematicalty is to have a procedure lo follow. The act systemicaUy is to 
bdiave codependently — in a way not divisible into discreet constituents. Culture and its 
subsystems, technology and its subsystems, and TE and its components all behave systcmically. 

Technology — the system of processes by which humans adtqtt to and transform their 
environment Technology includes technique. However, more Aan method, technology 
incorporates the study, theory, and principles of a process. Key points are that technology (a) is 
an evolutionary universal human activity; (b) includes inputsAcsources, process, output and 
feedback; (c) is much more titan tools, technique, or the application of science; and (d) via 
interconnection with the ideological and societal systems defines any given culture. 

Technological — pertaining to technology. Etymologically, technological is that which 
pertains to the process of experiencing or doing (a/) and is characteristic of (ic) the expression or 
science of ilogy) skill (the Greek techne). 

Technique — also, technic — sldll in performance. Technique is concerned with effective 
systematic behavior in contrast to systemic relationshq>s. 

Technical — pertaining to technique. That which is tectmical, is characteristic solely of ' 
the 8q>plication of skill and lacks the broader scientific and systemic nature of an ology. 

Efficacy — the condition of being able to produce a desired outcome. Efficacy assumes 
effectiveness and efficiency of action. 

Literacy — the condition of being able to communicate, comprehend, and act upon 
information. Traditionally, literacy focused on the act of reading and writing. Increasingly, 
literacy has come to include interpreting and communicating via symbols, maps, tables, figures, 
charts, and other gr^hics. Literacy has also expanded from comprehension to hitter levels of 
cognitive activity. Literacy is primarily concerned with the cognitive domain. 

Affcctacy — ti»e condition of having feeling or emotion. Literacy and operacy are 
abilities; affectacy is a state. Attitudes, opinions, and inclinations belong to the affective domain 
and are externalized in our behavior. 
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Opcracy — the condition of being able to physkaUypcrfon^ Operacy carries with U the 
concepts of empowetnaent, safe and fruitful completion, and efficiency in action. Operacy is an 
expression of the psychomotor donuun. 

Technological efficacy — the attributes (intellectual, emotional, and physical) necessary to 
cause a desired technological outcenne. Alternatively, die knowledge, ability, and desire to create, 
select, apply, monitor, evaluate, communicate, and otherwise bring to fruition desired technology 
in a given context Table 1 summarizes TE and its components. 

Technological literacy — the knowledge to create, select apply, monitor, evaluate, 
communicate, and otherwise produce a desired technological outcome. 

Technological operacy — the skills and abilities to create and apply technology in a safe, 
effective, and efficient manner. 

Technological affcctacy — the attitudes, beliefs, emotions, and other mental states related 
to technology. 
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Table 1 



Summary o f Teehnnlpfif a l Pffifiiry its Siih-Domaina 



1 Tcnn 


Domain 


Attributes/Descriptors 


1 Technolopcal Effkaicy 


Umbrella domain 
encorr^Mssing all personal 
factors necessary to produce 
a desired technologic 
outcome 


apprr^iriateness I 

deared outcome I 

effectiveness I 

efificieiicy I 

^temic 1 

utility/usefulness 1 


1 Technological Literacy 


Cognitive 


analysis I 

communication | 

comprehension I 

deduction 

evaluation I 

knowledge I 

thought 1 

understanding I 


1 Technological Affectacy 


Affective 


beliefs I 

emotion I 

feelings 1 

lack of anxiety I 

proactivity I 

states 1 

values I 


1 Technological Operacy 


Psychomotor 


accon^lishing I 

application I 

creating I 

doing 1 

manipulating | 

safety I 

drill 1 

technique | 


1 Note: All the domains are mutually supportive and interrelate. However, most research has I 
1 focused on an isolated domain. J 
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Synthesis of Research 

Empirical research is scant involving TE and its subdomains. Most scholarship has 
centered on philosophically defining and conceptualizing TT-.. Most publications have been 
qualitative or subjective in nature. Technological efficacy research can be stratified in various 
ways, e.g., domains of knowledge, demographic and/or independent variables studied, or 
technolo^cal subsystem. 

Research regarding TE has included (a) definition, (b) development and description of the 
psychometric properties of instruments, (c) structure investigation, and (d) correlate investigation. 
Most research has been exploratory and preliminary in nature, having been conducted with 
delimited demographic groups, e.g., high school students in Iowa, and/or concerned with a 
narrow stratum of technology, e.g., manufacturing technology. Most research has dealt with 
middle school-, high school-, and college-aged students. 

While there arc many possible conceptual subsystems of technology, e.g., biomedical, 
agricultural, ad infinitum, the ones most often investigated widiin the framework of TE have been 
communications/coiiq)uter technology and industrial technology. This is understandable given 
that most early TE theoreticians were members of the ITEA (formally the American Industrial 
Arts Association) or the National Association of Industrial Technology. 

Both TL and TA have received a similar and small a;Dount of attention. There has been 
no research targeted at actual TO, although there is much extant research on specific skills and 
physical activities. The research involving TO has been self-reported or opinionnaire in nature, 
and therefm^ more directly related to TA. 

Research in TE can be summarized as in table 2. Focus refers to domain of investigation, 
i.e., TL, TA, or TO. Coverage refers to the generalizability of the research due to the sample 
characteristics. 
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Table! 



Summary nfTechnologif;al P^^rrh 







Domains of Tedmological Efficacy 






Literacy 


Affectacy 


Operacy 


Category of 


Subcategory / Purpose 




Syntitesized 




Research 


With Representative 
Researchers 


Focus and Coverage 




Thec»ized description of. 


P 


S 


S 


Didactic/ 

Philosophical 


content of, and need for TE. 

Dyrenfurth & Kozak; 
Hayden; Hirsch, Kett & 
Trefil; Johnson; Pytlik, 
Lauda & Johnson 


C 


C 


C 




Delphi-type determination 


P 


M 


M 




of TE content 

Baker, Barnette; Croft 


C 


C 


C 




Self-reported TE OTA only). 


M 


P 


M 




Bame, Dugger, de Vries 
&McBee 


D 


D 


D 


Descriptive 


Self-reported TE (TL & 


P 


S 


S 




TA). 

Hayden; Welty 


D 


D 


D 




Measurement of TE. 


P 


P 


E 




Bame, Dugger, de Vries 
&McBee; Hameed; 
Hatch; Hayden; Kuforiji 


D 


D 


D 
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-'i 





Item/Insmiment 


P 


P 


S 




Development 


E 


E 


E 


Instrumentation 


Bame, Dugger, de Vries 
& McBee; Hameed; 
Hatch; Hayden; Kufodji 










Psychometric Analyses. 


P 


S 


M 




Hatch; Hayden 


C 


C 


E 




Predicting TE. 


P 


M 


M 




Hayden 


D 


E 


E 




Investigating correlates of 


P 


S 


S 




TE. 


D 


D 


D 


Causal- 


Hayden 








Conq>aring means IE 


P 


S 


S 


Comparative 




measurements. 


D 


E 


E 




Hayden 










Investigating structure or 


S 


M 


M 




TE. 


D 


E 


E 




Hayden 






L 



Key: 

M = minimal coverage S = secondary focus P - primary focus 

E = exploratwy^ilot study D = delimited inquiry C = comprehensive inquiry 



ERIC 
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Examination of the previous table reveals that there has been no widely ge n e r al is ahle 
research c 4 i 0 ceming TE or any of its subdomains. Furthennoie, TO has received scant attention. 
Most research concerning TE has been ot a preliminary type on a s m al l scale. The most thorough 
analyses have been of TE instruments. However, none of tihcse instruments have undergone 
comprehensive field testing or have been ai^lied to the cdlection of nationwide normative data. 

Theory and nidartin Srhnlarship 

The content base for technology extends to all areas o( human activity (Pytlik, Lauda & 
Johnson, 1978). The case can be made that most human ideas, activities, and creations are linked 
to technology. The epistemology of technology begins with the earliest of aitcient philosophers; 
continues through the likes of Rousseau, Pestalozzi, Whitehead, and Dewey; and continues 
expanded today (Gilbeiti, 1989). The American Association for the Advancement of Science 
recognizes technology as a discipline related to but separate from science (Johnson, 1989). In 
accordance with technology's unique discq)line base, education about technology has its own 
professional organization — the ITEA. Technology education is a recognized accreditable 
subject area. Every state has technology education courses at one or mwe levels in the 
kindergarten through twelfth grade range. These arc nx)st often titled Technology Education but 
also carry other labels. Technology teacher education im>grams are approved by the National 
Council for Accreditation of Teacher Education, following guidelines estaNished by the ITEA and 
its affiliates. The ITEA defines technology education as 

A coc^nehensive, action-based educational program concerned with techitical 
means, their evolution, utilization, and significance; with industry, its orgartization, 
personnel, systems, techniques, resources, and products; and their social/cultural 
impact (International Technology Education Association, no date) 

Tcclmology and TE have been exhaustively defined (Baker, 1989; Hayden, 1989). Nearly 
all writings concerning TE have been of the opinion type; most describe technology, state what 
should be known about it or what we should be able to do with it or discuss how to teach it 
Since 1952, the CkHUicil of Technology Teacher Education has published an aimual volume 
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devoted 10 educatioo in technolosy; Volume 40 focuies g>ecifically oo TI/IE (Dyienfiulk A 
Kozak, 1991). 

Most writings focusing on TE or one of its subdomains make the case for its importance 
and claim the populace does not possess enough TE. Maley (1985) notes that, "in 1984 alone, 
ten major studies of education were ieported...each one calling for changes in school to prepare 
our students to live in a technological society" (p. 16). Since 1984, these lands of calls for 
increased TE have grown at an exponential rate. Many professionals in education and other fields 
are concerned about the level of TL di^layed by the American public. They voice an t^nnion 
similar to Connie Ley (1987), nanwly, "the level of technological literacy to which educators and 
others are able to bring the general population will determine the future world in which 
humankind will exist" (p. 7). 

Much theorizing has taken place concerning the structure, teaching, and learning of 
technology and TE (Cjilbeiti, 1989). The thought given to TE has focused on the TL component; 
the operacy and affectacy components have received scant theoretical attention. In brief, the 
majOT points of TE theory can be suminarized as follows. 

1. Technology is a major system of human adaptation. The technological system contains 
factors unique unto itself but also shares variance vrith the other major human adaptive systems, 
Le., the ideological, and sociological systems. Any defined culture is so defined by the 
communality of its ideologicaL sociological, and technolo^cal systems. 

2. Technology is a learned phenomenon. Thwfoie, being efficacious with technology is 
largely a learned phenomenon. 

3. Technological literacy is more closely related to achievement than aptitude. 

4. Techmdo^cal efficacy is worthy of being partitioned from the broader realm rf general 
achievement and ability. The trait should discriminate on correlates divergent fiom those that 
predict general achievement and ability. 

5. A person's level of TE should increase with age due to developmental factors. 
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6. A person's levd of TEiiKitases with additkxulleanungaiKl exposure related 10 the 
attribute. 

7. Being a learned attribute, it is tenable that TE is influenced by the individual’s learning 
style, prior learning, aptitude, interests, opinion^)ercq>tions, Ae learning environment, and other 
factors related to learning. 

To date, reseaich has supported and refined the tfieoiy above. However, there is still 
much to be discovered about the structure of TE, how we acquire it, and how we utilize U. 

Instrumentation 

Few instruments to measure TL have been developed. Few of those have focused on TE 
as it is broadly defined. Several audiences would like to utilize tests of TE; there arc none 
commercially available. To this author’s knowledge, no instruments to specifically measure TO 
have been devek^^. Nuntjcrous instniments have been devel(^>ed to measure manipulative skill, 
dexterity, and similar attributes that probably share variance with TO. Self-reported TO has been 
measured. This writer categorizes self-reported TO as TA because an opinion self is being 
measured in lieu of performance. It is interesting that the only domain that can be realistically 
(philos(^)hically ^>eaking) quantified is the psychomotor. However, efforts thus far have focused 
on measuring and evaluating the affective and cognitive — attitude and thought 

Instruments to measure TL and TA have been devek^>ed by a variety of methods. Most 
have been developed without a procedure to ensure that d»e domain was measured inclusively and 
proportionately. Some TE tests have had their content validity described by the opinion of 
portended experts (Hameed, 1988; Kuforiji, 1992). Other instruments have been developed by a 
systematic procedure to select or create items, hopefully, building in content validity (Hatch, 

1986; Hayden 199i & 1994). Both, Smalley (1981) and GUberti (1983) developed early TL tests. 
These were not based on a test plan, nor was psychometric data collected. Hatch formed a post 
hoc TL subtest from the Science section existing Natioiud Assessment of Educational Progress 
questions and data. Both Hameed and Hayden (1991) developed tests of industrial technological 
literacy. Hanoeed's was narrowly focused on specific technical knowledge; Hayden's on 
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generalizaUe techiK>logkal knowledge. Kuforiji designed a TL test largely based on content in 
the Encyclopedia Britannica. Kuforiji did not report the iiibric used to create times. Kuforiji did 
state that the were intended to measure the knowledge level of Bloom's taxonomy. 

Recently, Hayden (1994) developed and applied several additional instruments to measure 
components of TE. These instruments include the following: 

1. A test (divided into four subtests) of TL based on the Technology Chapter from 
Hirsch, Kctt and Trefil's The Dictionary cf Cultural Uteracy. Cultural literacy is conceptuaUzed 
to be a body of knowledge shared by literate Americans. Hirsch’s ct al. work gamers input from 
several hundred people. The intent was to include topics between the generalized and the 
specific. For example, names of common tools, e.g., a hammer, would not be included. 
Conversely, highly technical concepts considered above cultural literacy would also be omitted. 
Items were only included if the content was considered to have lasting influence and not be of a 
tcmpciary nature (Hirsch, Kett & Trifil, 1988). Hirsch's ct al. work draws from many national 
periodicals. In Hirsch's et al. words. 

We reasoned that if a major daily newspaper refers to an event, person, ot thing 

without defining it, we can assume that the majority of the readers of that 

periodical will know what that item is. (Hirsch, Kctt & Trefil, 1988, p ix) 

2. A test of TL based on the Times Index. Articles in the Aiew Tori: Times are 

abstracted in a searchable index. Similar to Hirsch's ct al. reasoning above, Hayden reasoned that 
technology terms used in the New York Times would be expected to be understood by the readers 
of that periodical, i.e., the public. 

3. Three similar instruments intended to measure opinion of TL level. The instruments 
list attributes of the technologically literate person as determined by Delphi-type techniques 
(Barnette, 1990; Croft, 1990). One instrument measures self-reported TL, another asks the 
respondent to assess others' TL, the third seeks the reqxxident's opinion about how much TL the 
average person should have. 
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4. Sul^-iests to assess individual's opinion and knowledge of (a) the definition of 
technology, (b) the characteristics of technology, (c) the control of technology, and (d) the 
acquisition <^TL 

5. An instrument to measure the individual's perceived pervasiveness of technology. 

6. An instrument to measure the individual's attitude toward the extent that various 
entities, e.g., the self, employers, schools, should be involved in teaching or learning TL 

7. A demographic instrument to collect data en^irically or philosophicaliy related to TL 

Hameed, Hatch, Hayden (1991 & 1994), and Kuforiji's studies collected psychometric 
data and estaUished tentative norms fcnr TE. These instruments supplied evidence that TE is a 
valid measurable construct Additionally, Hayden's studies have investigated the correlates, 
prediction, and structure of TL. 

The psychometric characteristics of nx>st instruments have been satisfactory. Item and 
instrument characteristics have tyjHcally exhibited values similar to published norm-referenced 
instruments. Internal consistency reliability is normally .8 or higher, and up to .98 when corrected 
for attenuation of quantity of items. Within instruments, item means of objective items when 
corrected for guessing are approximately .5, and item intercorrelations average up to .45. 
Instruments to measure TL exhibit strong positive intercorrelations. Intercorrelations among TL 
scon and scores of traditional general achievement areas, e.g., madi or language, are similar to 
die intercorrelations among those traditional areas. Tests of TL have psychometric characteristics 
similar to extant achievement tests but account for unique variance in achievenaent These 
findings and others lead to the conclusions that TE (or at least TL) (a) can be measured with 
reliability, validity, and utility; (b) is worthy of being partitioned from general achievement; and 
(c) is not synonymous with or exclusive to satnce or other subsets of general achievement 
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rausil^/rnipurarivc Research 

While relatively restricted in quantity and scope, the resultt of quantitative research 
concerning TE illuminate several interesting findings. The most notable of tftese are the factors 
related to TL level and attitude tovr^ard technology. 

fVwTp.latfts . Certain variables are related to TE. Many of these variables are demographic 
in nature. These variables include: (a) affective factors, (b) gender, (c) age, (d) teaching method 
and curricula, and (e) other exposure to technology. Exposure to technology could include media 
consunqition habits, work experience, hobbies, family environment, college major, and others. 

Exposure to technology has usually been found to correlate positively with TE. However, 
not all exposure is equal. Hayden (1994) concluded that some types of increased exposure to 
technology leads to a false confidence in self-perception of personal TL level. Interpersonal and 
ipsative differences in attitude also affect TE. 

Hayden (1994) found the following concerning TL level. 

1. Individuals with differing technical backgrounds view technology and TL in 
significantly different ways. Technically-specific individuals have a narrow view of technology 
and the entities responsible for instilling TL. 

2. The more an individual is exposed to technology, the higher they tend to self-assess 
their TL level 

3. The more an individual is exposed to teclmology, the higher they tend to believe others 
TL should be. 

4. Exposure to technology is not related to the respondent's opinion of the average 
person's TL level 

Most studies find differences in TE related to age. This is not surprising as age is related 
to development What may be surprising is that very young children can relate to and interact 
purposefully with technology. Krendl, Qark, Dawson and Troiano (1993) found that most three 
year old children have access to a VCR and can manipulate the machine to meet tiieir specific 
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viewing desires. Thirunarayanan (1990) found that subjects could relate to technological issues 
that have personal implications, e.g.. transportation safety, by the fifth grade. By ninth grade, 
subjects could relate to personal, interpersonal, societal, and environmental technological issues. 
Hayden (1989) found that grade level accounted for unique variance in TL scores. There is a 
developmental progression to the understanding of technological issues and the attainment of 
technolo^cal Imowledge. 

The techrrological literacy of the aged is of interest to several audiences. It is often 
erroneously assumed that older people do not use technology, do not know much about 
technology, and/or arc intimidated by technology (Czafa & Barr, 1989). There is no evidence that 
would lead to this conclusion. James (1993) found that older people arc less infoimcd about 
computers and more informed about health, transportation, banking, and household technology 
(ipsative comparison). However, more than 50% of those seniors surveyed were interested in 
learning more about computers. Because of changing age demographics, employers are likely to 
make greater use of older workers. 

Almost every TE study that collected gender data found differences between the sexes. 

For example, (a) being male usually accounts for approximately twice the variance in TE score as 
female, (b) males score higher on TE instruments, and (c) instruments and items di^lay preferable 
psychometric characteristics when measuring males. The last finding may be due to instrument 
bias and/or the low variability of females’ scores due to females scoring lower and fewer females 
having been tested. 

Researchers such as Thirunarayanan have found gender differences in the way females 
view technology. Girls tend to view the triplication of technologies in terms of their social 
consequences. Boys tend to view machines and technology more positively — as doing people s 
work for them. Girls as young as 5th grade tend to view machines and technology more 
negatively — as replacing people. Thirunarayanan found that automation was a concern for 
fe mal es and concludes that female attitudes may be why few females are in technical careers. 

(Sender differences in attitude toward technology may be due to differences in how boys 

and girls are socialized. Krendl et al. found gender differences in VCR use related to differences 
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in family socialization patterns. Females consider more entities descriptive of technology than do 
males (Hayden, 1994). Females also, rate more entities as having a desired responsibility to instill 
TL (Hayden 1994). The conclusion is that females are more sensitive toward technology, while 
males are more mechanistic. 

As previously mentioned, parental socialization of children impacts the child’s attitude 
toward technology. Hayden (1991) has found that parental contact with technology is related to 
TE scores. Krcndl et al. found that the characteristics and cj^bilities of the technology have 
little to do with itsintegration into the home^amily. However, access to and instruction on the 
technology docs contribute to its integration into the homc/family. 

Hayden (1994) found a strong positive correlation between the amount of 
technical/technology magazines read and level of IX.. Technological information is often 
mathematical in nature. Deluca (1991) found that organization into a mathentatical format 
increases understanding of technical text. Males may be naxc inclined toward technical content 
and/or mathematical representation. Causation concerning these relationships has not been 
investigated. 

Similar to technical print, viewing television programs of a technical nature correlates 
positively with TL (Hayden, 1994). Interestingly, viewing television programs of a nontechnical 
nature correlates negatively with TL 

Most students are exposed to technology as part of their school curriculum. The teaching 
methodology and content espoused by the ITEA positively correlates with TE (Hayden, 1991 & 
1994). Studying a specific type of technology probably leads to increased technical literacy. It is 
tenable that intense exposure to specific technology would tend to focus the individual on 
de fini tions and entities applicable to that q>ecific technology. But tfiis technically hterate person is 
not necessarily one that is technologically literate (Shcarrow, 1992). Hayden (1991 Sc 1994) has 
also found the following. 

1. Courses with a craft or hobby emphasis do not add to TL 

2. Courses that focus solely on skill development do not add to TL 
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3. Students with nontechnical majors rate more entities as having a desired responsibility 
to instill TL. 

4. College students enrolled in technical majors tend to rate industrially related terms 
more descriptive of technology than do nontechnical majors. 

5. CoUege students enrolled in technical majors and niales are more likely to rate 

industrial and governmental related entities as having a hi^ desired involvement with TL. 

Pry/tirrion . In Hayden's 1994 study, up to 70% of TL and TA score could be predicted 
using demographic data. It was found that individuals with differing technical backgrounds view 
technology in significantly different ways. Individuals with low TE scores have had relatively 
little exposure to technology, are unsure of technology, and do not have strong opinions 
concerning who should be responsible for technology. Interestingly, having the opinion diat 
en^loyers have the main responsibility for ensuring that individuals are technologically literate is 
negatively correlated with TL score. The ratio of technical television to nontechnical television 
watched is the best predicted of TE (Hayden, 1994). 

Stnirhirft . The construct validity of TL has been establi.shed by Hayden (1991) and others 
(Bame, Dugger, de Vries & McBce; Hameed; Hatch; Kuforiji). Theory states that the TL part of 
TE is a subset of general achievement Tbe TA and TO portions of TE have not been 
investigated as well. It has been shown that TL is not just science or math or a combinatioo of 
those (Hayden, 1991). Ccmecting for attenuation in reliaUlity, the shared variance between TE 
score and other subtests of general achievement have range from 36% to 56% (Hayden, 1991). 
These percentages are large enough to imply a meaningful relationship between tire latent trait 
being measured by TL score and that being measured by other general achievement suotests. 
However, the shared variance is not so large as to negate TL instruments as supplementary means 
of measuring general achievement 

Factor and qualitative analyses of TE instruments have extracted factors that could best be 
labeled as cognitive, affective, and psychomotor (Hayden 1991 & 1994). However, further 
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invcstigaik« into the structure of TE is wananted. R h»s been substantiated that TE exists and 
can be described and measured. 

Dftscriptinn of Technological Efficacy Level 

Every researcher that has investigated TE has exhoited the opinion that the 'IE levels of 
the population being studied were not high enough. However, there has never been a nationwide 
nonning of all demographic groups. Scores on objective TL instruments tend to be apiwoximatcly 
50% when corrected for guessing. This is ideal for psychometric purposes. However, there is no 
basis, other than personal opinion, that any given score is a good or bad score. TE levels have 
been linked to knowledge, attitudes, and behavior that have been subjectively judged as to their 
value. 

Hayden (1994) found that subjects had no understanding of their own TL level but felt 
that they and others were in greater need of TL. Welty (1992) conducted a study in which the 
subjects were generally satisfied with their level of awareness and their access to sources of 
information cotreeming technological issues. However, (Velty found that a small percentage 
(approximately 10%) of the public is attentive to technological issues and engages in political 
decision-making or debate regarding dtose issues. Welty concludes that the puUic does not have 
enough access to ot knowledge rf sources of information concerning technological issues. 

Compared to how a TE investigator would describe technology, subjects have a narrow 
view of technology, how it is acquired, and who should control it. Welty found that the public is 
willing to let technological experts make technological decisions even when those decisions affect 
the individual and are within the sphere of influence (rf the individual. Hayden (1994) found that 
most subjects select businessAndustry and the government as knowledgeable about technology 
and being the entities that should instill and control technology. Hayden (1994) found that 
individuals who obtain higher TL scores believe that citizens should control technology and that 
schools should teach about technology. 
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Results indicate that technological literacy exists and can be measured with a high degree 
of reliability and utility. There is an expanding dteory of and theoretical base for TE , 

Technology, dterefore TE, is not synonymous with or exclusive to science. Efficacy with 
technology can be increased by methodology and content congruent with that e^xHised by the 
ITEA. Technological efficacy can be predicted by data that are easily obtained. Populations 
sampled have generally had no understanding of their own TE level but felt that they and others 
were in greater need of TE con^XMtents. Individuals with differing technical backgrounds view 
technology in significantly different ways. 

Discussion 

Fundamental questions need to be answered. How efficacious with technology are we? 
How efficacious with technology do we need to be? Can individuals increase their TE; if so, how 
can TE be increased? Who should be responsible for instilling and/or increasing TE? 

The super technologically efficacious have been labek d technocrats. However, there is ito 
evidence of the existence of technocrats. Those with nmcii ipecialized technical knowledge and 
specific exposure to iitdividual technologies (the technically literate as exposed to the 
technologically literate) do not score significantly higher on TL instruments than do those with 
general knowledge. It appears from the data that individuals with focused technical backgrounds 
narrowly define technology, restricting technology to their field of view. These focused 
individuals tend to be older and male They voice the opinioo dtat business and industry should 
control technology and the dispensing of technok)gi.-al knowledge. Table 3 summarizes the 
heretofcMre discussed technology types. 
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Tables 

TechnnlftgyType« 



Comparison of Technology Types 


Technologically 

Efficacious 


Scores high on TE instruments. Self-percq>tk>n possessing adequate TE. 
Exposure to a variety of nonqtecific technology. Believes others to 

have more TE Believes the general populace should be in charge of 
technology. Believes general education has die primary duty to instill TE 


Technically 

Efficacious 


Scores average on TE instruments. Self-perception of possessing adequate 
TE. Great exposure to specific technology. EXocs not believe others need to 
have more TE. Believes business and industry should have the greatest 
control over technology. Believes specialized [xxigrams should be 
responsible for instilling TE. Tend to be older, male, and have more work 
experience. 


Technologically 

Non-Efficacious 


Semes low on TE instruments. Self-perception of not possessing adequate 
TE. Little exposure to technology. Docs not believe others or themselves 
need to have more TE Does not voice a clear (pinion of who should be in 
charge of technology but believes that citizens are not the best choice. Docs 
not voice a clear opinion of which entity should have the primary 
responsibility of instilling TE. 


Technocrat 


No proof of existence. Hypothesized in the literature to possess great 
technical and technological efficacy and to be in control of technology. 



Technological Efficacy 23 



Kficomoaeodatuai 

Research concerning TE is still in its infancy. Scant work has been done concerning TO. 
The majority of research has centered on TL. However, this research has generally been Unuted 
to college axkl high school students. Also, the industrial stratum of TL has been investigated more 
so than others. The most generalizable work has involved TA. However, most of this has been 
conducted with to high school-aged pupils. The ft^lowing are recommended as next st^is 
in the overall TE research effort 

1. Research involving all demographic groups. 

2. Research by other appropriate methods, such as, historical and case-study. 

3. Empirical model building to describe the components of TE and their relationships 
among themselves and with other factors. 

4. Development of standardized instruments, widely noimed and bias free, for use in 
research and to describe, predict, diagnose, and certify TE and its subdomains. 

5. Determination of n<Mmative levels for TE? 

6. Further causal-comparative investigation into TE and its subdomains, especially TO, 
and correlates. 

7. Inquiry into the amount and nature of TE needed? 

8. Investigation into the optimum TE curriculum and methodology. Primary questions, 
would include (a) what causes and hinders TE; (b) how can we increase TE; (c) what is the best 
curricula content for TE; and (d) what arc the best learning environments, teaching metlv'^, and 
instructional materials? 

Summary 

What we know about technology, what we can do with it, and bow we feel about it are 
likely to remain topical questions. Technology is growing mqionentially and our interactions with 
it are becoming increasingly complicated. Questions about our efficacy with technology arc 
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incitanng faster than they can be answered Researchers firom numerous disciplmes can and 
should engage in basic and applied research concerning our efficacy with technology. 



O 

ERIC 



^6 



Technological Efficacy 25 



References 

Baker, D. (1989). Technological literacy: The essential crlieria for a definitioo. 
Dissf-rtation Abstrac ts International. (University Microfilms No. 89-00392) 

Barnette, E. (1990). The identification of the major coocq>ts that define technological 
literacy. nisMirtation Abstrac ts International. (University Microfilms No. 90-25595) 

Clinton, B. (1987). The next educational reform. TfgaifiS in Scif nrfr and Tcchnotogy. 

2(4), 14-19. 

Croft, V. E. (1990). A national study to determine the characteristics of teduiological 
literacy for high school graduates. Dissertation Abstracts Intema tjonal. (University Microfilms 
No. 90-28026) 

Czafa, S. J. & Barr, R. A. (May 1989). Technology and the everyday Ufe of older adults. 
Annals of the American Academy of Political and Social Science. (503), 127-137. 

Dyrenfurth, M. & Kozak, M. (Eds.). (1991). Technological literacy. Peoria, Illinois: 
Glencoe. 

Gilberti, A. F. (1983). Technological literacy: An edricatinn for tomorrow. Paper 
presented at the American Industrial Arts Association (Conference, Milwaukee, Wisconsin. 

Gilberti, A. F. (1989). Technological literacy as a curriculum movement in educatic. .. 
Dissertatin n Abstracts Tntemarional. (University Microfilms No. 89-24150) 

Hameed, A. (1988). Development of a test of technological literacy. Dissert afi o n 
Abstracts International . (University Microfilms No. 88-24509) 

Hatch, L. O. (1986). Technological literacy: A secondary analysis of national assessment 
of education progress science data. Dissertation Abstract.^ Intematjonal. (University Microfilms 
No. 86-27713) 

Hayden, M. A. (1989). What is technological literacy? Bulletin of Science. TecbnologY 
and Society. 9 (4), pp. 228-233. 

O 

ERIC 



21 



Technological Efficacy 26 



% 

a 

f 



Hayden, M. A. (1991). The development and validation of a test of indu«rial 
technological literacy. Jnumal of T echnology Educarion. 3 (1) DP 30-42. 

Hayden, M. A. (1994). Technological literacy: De velopment of instniment.s and 
invftstigatifwi correlates. Mississippi State University, Department of Technology and 
Education. 

Hirsch, E. D., Jr., Kett, J. F., & Trcfil J. (1988). The dictbpary fif cultural literacy:- 
What every American needs to know . Boston: Houghton Mifflin. 

International Technology Education Association. (No date). Techno l ogy educado n i 
The new hafdc . Rcston, Virginia: Author. 

James, J. (1993). The attitudes of the aged to technology. The Australian Joumalof 
Adult and C ommunity Educarion. 33 (3), 204-207. 

Johnson, J. R. (1989). Technology: Report of the Project 2061 Phase 1 Technology 
Panel . (ERIC Document Reproduction Service No. ED 309 058) 

Krcndl, K. A., Qark, G., Dawson, R. & Troiano, C. (1993). Preschoolers and VCRs in 
the home: A multiple methods approach. Journal of Broadcasting and Electmnic Med ia . 37 (3), 
293-312. 

Kuforiji, P. O. (1992). Development and validation of an achievement test of 
technological literacy fOT senior high school students. Di-ssertarion Abstracts Tntemanonal, 
(University Microfilms No. 93-22932) 

Ley, C. (1987). Technological Literacy and Investigative Imperatives for vocational 
education researchers. Journal of Vocational Education Research. 12 (1), 1*10. 

Maley,D. (1985, October). Issues and trentLs in t«:hnologv education . Paper presented 
at the Technology Education Symposium VII, C^ifomia, Pennsylvania. 

Pytlik,E.C.,Uuda,D. P.& Johnson, D.L. (1978). Technology, change and society. 
Worcester, Massachusetts: Davis Publications. 




Technological Efficacy 27 



¥ 

t 

f 



Shearrow. C. A. (1992). A descriptive study of the levels of technolopcal literacy 
among middle school students.' nigswrarin n Abstracts Intemarional. (University Microfilms No. 
93-07850) 

Smalley, L. (1981). Technolo^ education symposium TT. Program theme: 
Technological Literacy . Menomonie, Wisconsin, May 1-2, 1981. (ERIC Document 
Reproduction Service No. ED 206 915) 

Thirunarayanan, M. O. (1990). Students conceptions of selected science, technology an 
society issues: An exploratcay multi dimensional scaling study. (ERIC Document Reproduction 
Service No. ED 362 423) 

Welty, K. (1992). Technological literacy and participation in McLean County, Illinois. 
Journal of Industrial Teacher Education. 29 (4), 7-22. 




^9 



